In LHC experiments, high momentum muons are filtered by the calorimeters, so that tracking detectors placed outside the calorimeters tag muons with high efficiency and rejection capability. Tracking in magnetic field allows to measure the muon momentum and extrapolate its direction to the inner part of the detector in order to match it to a track reconstructed in the Inner Detector.
The ATLAS Muon Spectrometer [2J (MS in the follow ing) is based on three large air-core superconducting toroids providing a magnetic field integral ranging between 2 and 8 Tm, aiming to detect all muons with transverse momenta PT between few GeV and few TeV produced within an angular region extended up to 1"71=2.7'. The design momentum resolution is expected to be well below 10% up to 1 Te V.
In the following we describe first the Muon Spectrometer, then we present the performance obtained using the collision data collected in the first two years of LHC operation. Fig.l shows the lay-out of the ATLAS Muon Spectrometer. It consists of a Barrel with a cylindrical shape around the beam-line and two Endcaps. The Barrel covers the pseudo rapidity region 1"71 < 1 while the Endcaps extend the "7 coverage l'ry is the pseudo-rapidity. If we call {} the polar angle of emission of the particle, the pseudo-rapidity is defined according to: 'ry = -lntg({}/2). The tracking is based on three stations at different distances from the interaction region, all instrumented with precision chambers. The coordinate in the bending plane is provided by MDT (Monitored Drift Tube) chambers in all the detector apart from a small region (the first layer of the forward Endcap chambers with "7 between 2 and 2.7) that is instrumented with CSC (Cathode Strip Chambers). Each station gives between 6 and 8 hits per track with a single hit resolution of 100 p,m. A typical track crossing the MS is characterized by about 20 hits in three segments each providing a super-point with an accuracy of about 35 p,m. Muons can be "standalone" "combined" or "tagged". Standalone muons are tracks mea� sured by MS only; combined muons are obtained by matching a standalone track with a track in the Inner Detector (ID); finally tagged muons are based on a track in the ID matching a segment in the inner MS station. Tagged muons allow to increase the detection efficiency in few regions where holes are present due to "services" that reduce the acceptance. Muons are also tagged by the calorimeters, looking for longitudinal and transverse energy release profiles compatible with those of a minimum ionizing particle.
II. THE ATLAS MUON SPECTROMETER
A crucial issue in the momentum measurement strategy is the alignment of the chambers. Given a single hit resolution of 100 p,m, the position of each MDT wire has to be known with an accuracy of the order of tens of p,m. An alignment system based on optical sensors is present in all the detector aiming to guarantee a relative alignment down to 50 p,m. With such an 978-1-4673-0 120-6/ 1 1/$26.00 ©20 11 IEEE of about 500p,m, can be measured to better than 10%.
The design momentum resolution of the ATLAS muon system is shown in Fig.2 . While in the low PT region the measurement is dominated by the ID (the combined resolution being much better than the standalone one), above 100 GeV, the resolution is dominated by the MS.
Trigger chambers are also present, giving a fast signal used in the Levell trigger, and also providing the second coordinate, namely the coordinate in the non-bending plane with an accu racy of the order of few mm. RPC (Resistive Plate Chambers) are used in the Barrel and TGC (Thin Gap Chambers) in the Endcaps. Both detectors have time resolutions of the order of few ns, much better than the minimal distance between bunchs (25 ns). The trigger concept is described in Fig.3 : the spatial width of the coincidence between different stations (RPC I, 2 and 3 in the Barrel, TGC I, 2 and 3 in the Endcaps according to the figure), defines the momentum threshold. Thresholds are given in transverse momentum by means of coincidence matrices. Single and double muon triggers with several thresholds are available and can be used depending on the luminosity. 2 The sagitta is defined as the distance between the center of the recon structed segment in the middle chamber from the straight line connecting the centers of the reconstructed segments in the outer chambers. Montecarlo expectations (blue triangles). A correction to the data is applied to take into account the small amount of residual background.
III. STUDY OF THE PERFORMANCE
The ATLAS muon performance are continuously monitored during collision data taking, using several methods. A basic Data Quality Assessment and chamber Calibration is provided for each run [3] .
The "Tag&Probe" method is widely used to determine reconstruction and trigger efficiencies [4] . This method is based on the correlation between the two muons coming from a dimuon resonance: first hard cuts are applied to select a "good" combined muon (the Ta g), then another muon, either an ID or a standalone track or even a calorimeter tagged muon, is used as Probe. Several combinations of conditional efficiencies can be obtained with this method depending of the kind of Probe used. We have applied it, using the J/'IjJ resonance for low PT muons and the Z resonance for the higher PT muons.
The momentum resolution as a function of PT is obtained by using the Z line-shape and by comparing the momentum measurements in MS and ID, for muons coming from the W decay [6] as discussed below.
Finally special collision runs with toroid off and solenoid on are done to determine the alignment and eventually to correct for it.
A. Efficiency
FigsA and 5 show the muon reconstruction efficiencies as a function of PT and of 'T] respectively, in the PT range between 20 and 100 GeV The results are obtained by applying the Ta g&Probe method using the Z resonance. Figs.6 and 7 show the results of a similar analysis based on the JI'IjJ resonance for muons with PT below 20 GeV In this case the efficiency is determined with respect to muons tagged by the calorimeter. In both analyses, combined and tagged muons are considered, and the values of PT and 'T] are those extrapolated to the interaction point. It can be seen that the spectrometer has an efficiency well above 95% for all muons above 4 GeV The 4 Ge V cut is due to the average energy loss of muons crossing the calorimeters. A substantial reduction of efficiency can be observed for 'T] close to O. This is due to the presence of the so-called "services" that limit the acceptance in that region. and 9 for the single muon trigger with a threshold of 18 GeY. The efficiency at the plateau is about 80%. This is due to the limited acceptance of some barrel regions, as can be seen by the 'f) dependence.
The agreement between data and Montecarlo simulation is very good in all cases, apart from the trigger, where few% differences are observed. DataIMC scale factors are evaluated for each data period in order to correct the simulations for the physics analyses. 
B. Momentum resolution
The momentum resolution of the Muon Spectrometer is parametrized according to the following formula:
It is the sum of three terms with three corresponding param eters: the first term is due to the energy loss fluctuations in the calorimeter ( Pt: s), the second depends on the multiple scattering (P � s) and the third is related to the intrinsic hit resolution that in turn depends on alignment and calibration
(P it s) .
The values of the three parameters have been obtained by a fitting procedure applied to the data taken in 20 10. The parameters have been adjusted to fit the Z line shape and to account for the distributions of the differences between momenta measured in MS and ID for muons coming from the W meson decay. with a new version of the simulation, aiming to match better the design resolution.
C. Alignment
Special collision runs with the solenoid on and the toroid off have been taken in 20 11. These runs allow to select samples of muons with momenta defined by the ID, that give straight tracks in the spectrometer with null sagitta. The distributions of the sagitta in the different regions of the MS, give a sensitive measure of the alignment accuracy throughout all the Spectrometer. A significant deviation from zero of the mean sagitta in a region, is a clear indication of a misalignment. Fig. 11 shows for one of the spectrometer regions, the mean values of the sagitta as a function of Tf measured in one of the 2011 toroid magnet off runs. Mean sagittas below the design value of 50j.lm are obtained for I Tf I lower than one, that is in the Barrel. Values well above 50j.lm are still present in the Endcaps. Several improvements are expected to push all mean sagittas below 50j.lm that is to the design value. These improvements will impact in particular on the momentum resolution of the MS in the higher PT region. 
IV. CONCLUSIONS
Many physics results obtained by the ATLAS Collaboration in the first two years of data taking are based on muon detection [7] . Fig.12 shows a candidate ZZ -+4j.l event and fig. 13 shows the dimuon invariant mass spectrum ranging from the low mass mesons up to the Z peak and beyond that.
MS trigger and reconstruction efficiencies well match the design values in the whole detector acceptance region. On the other hand the momentum resolution of both MS and ID are approaching the design values. In particular a large improvement is expected based on the new alignment and calibration constants that will be available for the 20 11 data.
